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mmit®. mm. &t-i*zn*><nmm<»®&i*. ft6«mi*ai*e.i2 

nmrnitm. mm. fc^*n?**»#flii* 
si x*^*-*^**, sag**, x*, 
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[0 0 0 1] 

[0 0 0 2] 
[0 0 0 3] 

3 - 1 3 9 9 7 8 #»Ctiir n D S:ffl^fc*fl|««T?« 

asSJlT^-S. m^imm-V-^ X>X (Science. 2 0 0 0$ 

3^1 7 B#) tCt.««^*lfK:JIt^|««©tt*»jaL, a«*stc^ait 

[0 0 0 4] 

#SHg6 3 - 1 6 0 0 6 2*-eti«tt^ffl/'C*->Jg«*j5S^BBa%a*l 

TV**. 

[0 0 0 5] 

»«;!<-£*#&, *«»iBfciir»«tt^«:*TU A-n-htsm n 12 < 
f n © * & %> © *fi T ««■?■ ©K J? S Hit « £ i: # T £ & V i % © T- $> 
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[0 0 0 6] 

* fc, ±IB#MBS6 3 - 1 3 9 9 7 8 tt*«^*iS«:#£?-jR-CB-5 
[0 0 0 7] 

*X (Science, 200 0^3| 1 7 B#) C ± 6> 
[0 0 0 8] 

[0 0 0 9] 

#SBS6 3 - 1 6 0 0 6 2-»ttfRtt^-©yX#->fc»j*-rft*tti:LT 
[0 0 10] 

[0011] 
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[0 0 12] 

frvmm^-Tj >.ymzit¥&fomzft&zi±tzmzw;m+mm<z>m®a-T 

[0013] 

mz*&m<»mwmu<DW&*fr*t£zmm®<Di&f8.-?}m\*. 3L&&&±izm 

[0014] 

# © * « a - 7- 4 y 9 m (c \ t & BL iS « * US £ $ it fe « (c » -f- * B © * « n - 

frbtezmmmzmf&Lt^ **jis*-t&zmttLtefr^tzB$-izmt~te** 
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[0 0 15] 

mn-^j > ymizit¥Rfc&zm3L2-exm%i?mffi<Dm®^-T-{ yvmz 
offlxit^-etzmmz-ex. ^*jv*-mmtt3fr\z<D&Wiffi3-frt>tez>Mm. 

wmfa&w iz mm.it u » x mffi^-mw&mm n - r- -< > fit t © iBTft*ts# s 

[0 0 16] 

wz*ftm<nmt&B<Dmm*frbte&mm®><?>Bfitijmz. z&mmmmz 
fe&ztit~mmzi-T4yym^^*A'*-mzmM*2>z.t.izj:ym8fznt=. 

mmi-y--< y ymtmn^mmcomm^-T * y ym£<nmx'fc¥ffi&zBf& 

m&mmizmm^-rj yrfrb&zm&mzMi&L. mt-iz^wmmmmizm 

[0 0 17] 
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[0 0 18] 
[0 0 19] 

[0 0 2 0] 
[0 0 2 1] 
[0 0 2 2] 
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[0 0 2 3] 

■v & & <d t% ms§ tmm t z r t # «sm t & £ . 

[0 0 2 4] 

*feWA.ttT?is«##*sft«. 

[0 0 2 5] 

. mm. n -fb-^#T'fe^©T% ^mtewmvamnm 

[0 0 2 6] 

tiron^fcis ctiftg^L fe we-?** e. &&mm® vim ton*. 

[0 0 2 7] 
[0 0 2 8] 

$t5 3ttft. **ft»CJ:oT***=i— f--f >^itS:*|«i-6*««:'if|B 
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m mm -r s ^ t # ^rtg £ * « . 

[0 0 2 9] 
[0 0 3 0] 

Stt8B«HcJSn**IM*©«T?*»;, (bmifABfficjgviSM-e&s. gji 8 (a) 

ittiii2 0 3«$n, H{c-e©±fc, «ft«tt-?-2 o i 

U2 0 2«l»^nT^«. *«8B»Ji 2 0 2 (i, 3 n m«± 5 0 n m«T© 
«CS©«tt*tt^2 0 1 fc«tt*«HF-2 0 1 ^f^tl2 0 5a»6*i;SZoT^ 
*. f!2 0 5tt, ^tt^«z^2 0 1 £-Jfe©|!g|SlT'ffigU-£©fCf2:£o„ %B 
2 0 5©tt»tt*»lH^"*-*«=i— ^-f &'f£»£^2 0 1 <DU 

mtLZlt. -«Hge«ft||*ttjfe»KuO*ga!FePt, CoPt, FePd, NnAl , Co, 
Co-Pt, Sm-Co, Fe-Nd-B«©»»*«J:V>*?, #tCKu*^^<, ttA<£*<Z>ftft{£ 
©W#©iMW»&ttFePt, CoPt©L l 0 ®©aai^^ffitlTV^„ fcfc, Sr® 
«iH»JCjgL!fe58ffiM|Sf{Ct3V\T«, fc£;t«, IEEE Transaction on Magnetic 
s, vol.36, No.l, 2000^£, »1 0 H~JCWel ler 
[0 0 3 1] 

V^o fit, f&&L Ku^n^S^i^|3#3<tti 

tt, 'M<it3nmaL S* U < tt4 n m«±0**a*« J: <, _fcRgt± 5 0 
nmaT. ISsl<lil0nm«T, .£ US* L < I* 8 nmJHTtfJ:*'. 
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[0 0 3 2] 
[0 0 3 3] 

#«*iths. mur©*,©, *ftst©*o. ^■rn**»WT*tt«ffl»rtB"e» 

•5= ft#:&StCtt, Ni-Fe, Co-Nb-Zr, Fe-Ta-C, Co-Ta-Zr, Fe-Al-Si^OD^ 
*4<itil0 0nm£t±, II l< tt3 0 0 nm«±(Z)IMiS * fe 

[0 0 3 4] 

[0 0 3 5] 

tfacmi 8(a){c^-r*#6reo^iB^«;©igji^ajtct3^Tii^-rs 0 * 

r, ¥ffifc#«ttS«2 0 4±K:. am XtiT«JSS:^bT«;^'[4*KJi2 0 
3*7§M***. tt«tt*K»2 0 3 Kffiffi . 

[0 0 3 6] 
[0 0 3 7] 
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IftftlltLT^t^OKlA-^lg (DLC1) MlzWlftffl 
[0 0 3 8] 

a^^^a-r^o #tFePt, co p t^<Dmzts\,\Tiz. ny&sucjco 
t, mmitzitzztiz&^T. &mtiz&vz> a ^mmm<^&mt5 o o-c« 

T%7 0 0 = C«T. 3£L<li, 6 5 ox;jyTi:-f -sotfiv^ jU^g^-st^ 
ICWu jg|®^ia#|BjfC4>ft< 5 kO e«_h, ItKlil 0kOe«20DS 
#£#t!/tS„ ^##1 5 kOeJ^i:T'&&^#m;toS»#*£<&*J-f^.£© 
T% ^iCjSDT 1 5 kO e«T> h < It 1 2 k O e «T©^JC £ gib* 

mmtfmmzn. z<n®t® i &mtf. ftmfrba&i&Rizzvmffim&jiftizM-it 

»*^«Wi»l(i2 0 3 &fflv>*itf, ittTO^2 0 1 tCSM!KJ|#ttfctf 
[0 0 3 9] 
[0 0 4 0] 
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[0 0 4 1 ] 

R^\>V K (Magnetoresistive head) flj^ <b*lT^£,, t^t) g*«^g 

Si3&:R(Giant Magnetoresistance, GMR) SrM^feGMRAy K (XtfZ/Ajl 
^» Ftt»tfftT^4) #±itftyoo*4, b*M/rtl*«ISHCiatJ* 
oo*y, lOOGbit/i n 2 Sr®A.^fBffllSB ( K(CS^Tiih>*;U^S: 
flJ/SLfcT MR (Tunneling Magnetoresistance) /\ y K-f>, HglIj{Cliat:tCfl|j5£& 
j^fGMRS&^SrflJMbfcCPP -GMR (Current Perpend iculer to the Plan 

[0 0 4 2] 

HI 8 14, **^S©^ffi^C«S^S^»iH^^*:S:ffl^^7 t c^iH^S^S«l 1 0 
[0 0 4 3] 

a-ktu^bi i 0(4, *mtee>mm-c$imv&mis,mmm<* (zam 
^(iitf^x^) i i 6 1, ^-f ^mm-th^f^ xvmm^-z 1 1 2 1 

*1 2 OCt *9>f if&JJ$t5/\.y 3 0 t, /\>y 

K£i#flMtl 3 0 h5 v ^-f £7 $ 114 

. tT 1 ^ 1 1 6 zmmmm-rz^y vicnmmi 3 o&, t-ai 2 2i:-y-* 
•^>i/a> 1 2 4 tfc-irtf. 

[0 0 4 4] 

^-rx^eite-* 1 1 2(4, r^^n 6 &mjfe©ie,K-eia«ffitt-r*. 

14 {i, ffi^y Ftf^r-f X? 1 1 GOimfeOT 1 -* VvvV 
IC7^tXfg5 «fce>(C lft/\t» KS:«»-t-6X5>f 4f 1 2 0 Srf^x* 1 1 

(4itaS;*fc'{4llI«S;©^-rx=i>f ^^-^T'fe.So Siifi{4Jg{C^/\-/ 
2 R T f 7" ax - # % $ *l T ^ £ . 
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[0 0 4 5] 

KfcfiUSt # i 2 oa:, Wia^yj^^x^-Y^T** 

ftmzit^j 1 1 sommumMtz. zatg, f^^^^-f^ 

WSn-K • r>n- K«H%*Mfta*iTir^*. ttftSBgW£KB l 10® 
f»«fa»W^S8t#^tcii, xy>f^i 2 o ttEHEfS^-f 116 t^7>f^ 
1 2 OtOT^T'^StlS^^TU^ytCiU^-fX^ 1 1 6<D&w±izmw 

an*. x5>fyi 2 ojc#»snfe«*i^y Ktt, ¥4*9 1 1 6kh»«sbb 

[0 0 4 6] 

^ [0 0 4 7] 
1 ) 

««*H»^#***«tt*i*fc 1 0 0 mL{c*agflf|ga^ bt 

7^-)Vm*m^&VUUi/^yitiify>*:lMXT0.0 lmo 1 /L<Z>/\df-9" 
*K*©**tC«tt««tf-l«: 1 0 OmgM, £<MWLt~. 

tfiSttsssie^ s^sttfe. zwrnrnz* >jm&WLm*mm±^±m* dd->7> 
*t£W# 2 jwgjasnfe (bd. 

[0 0 4 8] 

U SRSiKl 0 OmLiC3R'j|tfSi:ttCH 2 C 1 * ? n O l/=y y 

it^m^lM^.X 0 . 0 1 mo 1 /'LCD'Ndr-y-T 1 ^^/^ n n7js;i/Aig-^^flS5:# 

-tffi»-&»iR# & ±ffi*« fc« y ffi u . ««#h«t? ±E«* & * n □ * ;i/ a 
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#2 0 0 1-2 8 3 3 0 0- 



[0 0 4 9] 

iHJCT' «fc <, #5UfBflI©»£tt? D n7h;UA 5 0 mUzMLX 1 OOmgtLfe 

^T_hfa* n a frjv&mmitmmffi mr LT.SSsSBtf-hiB* n a 

<fc<M#L£„ &^-e?tfi*§©?g*S:i:tfT, l 2 osggfcgg^u MMLfc. 
Sffi-h©^ n n^;uAtt-r < f lc^,'ft;'r-5C9T'-e*iS:ffli^.'5fc«)V-f ? nS)S§S 

» i: tc ^ j& s n t- m^mmm v> t mm izmlx (Dentin, m 
23, UTo>mffimx'<DWffi*±m£mm(D^mizx&mh. anB&ffofe. 

[0 0 5 0] 
(*ttftf 2 ) 

^ir-M^m^.mxx 0 . o l mo l /LcD^^i/r^n-jujgSfcflsjfcbfc. 
Sctc-ewtSJKfcHAMMMl^i o o mg (10) *lM7l. J:<8Wbfc. ¥ttia 

&iz mm^mmm^X'±m^^jvr)v n - ;b & * tK*s/s - Mt^m t. n 
l#^£*lfc. 
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[0 0 5 1] 

, sfKtgjKl 0 0mL(Cn:^^^a$:*^|g«$;^-r^^nni/9>-fb^& 

inxTO.o l mo i/L©^*i^#>/#an*;i/ASi^M£ffr&L£o 
»Ba-er©M20mLSi'j, ±fB*S£J:IB?g?&{CjS?jtU m^^iz 

Sr^'jaiLfe. S«*®-htcti±fB^no>>v>-fb^!fe^e>^.5^^i 3 
[0 0 5 2] 

±IB»«*®tc_hlH*^M»!fS^$:«^-r.5^S:«ofe 0 J:fB#^ 

mmfc & £. n^mu^ z-j^jit >vn - ;u \z &m 3 & i®m l 

Lfe. -hfBS«£*y b ^ U- h _htcS£. _hlBMS_hlc*3i<-f S £Mv>TJtiB 

jv y )v a - jvmm z mmmmr l x . *«tgffi #±ga ^ ;u r ;m - ^/*« 

5feU *n^bfc.SS±©^;i/r;i/3-;K±'r< > ic^,'ft;L, a«±tc«*^M 

mt-tz\£.tfm&. »«-htci±sjs^^fe*^M»!fe^*^b^^i 4tis 
$tife„ zwn&mmtL^r&mt. Lxm^mm±izwinj-i)^^^m , M^ii 5 

SMLfe (EI 3) 0 
[0 0 5 3] 
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^>"fb^#l©0. Olf^jWtfcMbfe, rffl»«5 0mLC«tti«?l 
Omg (2 0) fcJnAT.ig^lCStfPU 1 Mttffc** 

BUfflU If^7;i3-;H 0 0mL4i|c3tttttt*tt?-jBl OmgUHT 
[0 0 5 4] 

ir-Ut«y, -e©^«(C*g-ft:**7KS: 1 mLMfetC 2 c m X 3 c mOD 2/ 
U3>«R2 2ft»atU £J:*ll$|SrSMfiU;fe. 3 

&3TT*«*SiS«fllL ( 1 2 0r(C*t^Lfe^-^SetC^K»« 

[0 0 5 5] 

f 2*^R»« S * A «tt*«? S x ^ ^/ t ^/ n - ^ li^fJc a -e * 6 H« L 

X h Jg n T±mx.*JU7* 3 - & Rf^ilT L T, £««3ftf ±G 
x^;i/T;i/n-;i/^JgT'vB^fe^(CLfe 0 #CHT;ft>y h^U- NODSKSriitf 
T, 1 5 OSSStCfg^U iD^Lfc.a«±CDx^-;i/T;i/n-;i/tif <lc^-ft 

*^fKo«lBIIH±<ofl:*fij»««tf*>*ife. Z0>£tttt»E*li?iCKjft3*i& 
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#2 5 Sr^Lfc (04) . 
[0 0 5 6] 
(UK*! 4) 

fe«WI3 1 £&ttS&:ffi^3 OCO*if±C»*U, ±««tt«tt^ 

M-^3 4 &Jg»*U tttfr?-fr?>&SflHMb3 5 S:»«bfe (05) . 
[0 0 5 7] 

JSU ^mmmi 0 0mLfcx#*^3SS:5|aetttea£fcLT#***nn$/5> 
fc-&WSiD*.'tO.O 1 mo 1 / L ©'s**^* >/ * a n Aig^?g!?£S:f£ 
J&bfe. «S»l*?i(0itlS2 0niLS*U, JKttHMi^a 6(CJ:e»*S:» 

[0 0 5 8] 

#ClC, _hi$©««3 2 0*M}C^'|4^[lfS^3 o *»fls*fTt>fc3IS 

»*t»Afc«tt«tt^&^^T-n/3--n/K:4}-i!ts«fc«S:ii»bfe.' -£©jg 

mitm&X- «fc < , *HE*«0»^»4^*-9-> 5 OmLCMLXl 0 Omgtlfc 
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*r.O«K^e>***|36«j3 9©«3SS:»/aLfe (06) . 
[0 0 5 9] 

tttt?-* 3 5 5:ffl^T> $Jt#H »CT»J«3*lfcfl5-CD«tt^-*»& 
[0 0 6 0] 

e> & « ttSttoiRK?-** e> & s mm®o±izmt- (c&= ©«m&^*> 

6**#JS«4 0 rfcj^fllBSnfe (07) „ 

[0 0 6 1] 

[0 0 6 2] 
[0 0 6 3] 

(ftmm e ) 
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->*j ;i/{cfei-e i mm%<Dmmz&z * o izmfrLfc, ztvmmi o omL 

S/S fe±iSit**> e> * n □ >> 5 > £ -g- frt' U 3 - >;f-f 
[0 0 6 4] 

# £ ft £ :# 57 X « & # 0 
[0 0 6 5] 

~ ttfftjfefc (®8) . 

[0 0 6 6] 
[0 0 6 7] 

(mmm i ) 

*sgWfB£t bt7i-;ba?:tt5?D n ±><5yft&mztinz.T o . o i mo 

l/L©/s**>»*S:^rtbfe. *C-t©»«{C«tt*«!^ (6 0) 1 0 0 m 
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£fS© V n n is =y y it^m t. fiBttt £ #m L fc. i ©g&fls (c «fc »; ttttfttt? 
*W±fc±S*no'>9>fl;£4&jfr&fc*##?-iJ|6 l tfMf&-Zfttz. (H9) . 

[0 0 6 8] 

^S^Srffi&VV jMSlTffiSi: LTCH 2 C H^tSf^liMLfe 

0 0mL(C5(5«t|ga$:*-r-5^nni/5>-ft:-^#lS:*n^T0.0 lm 

0 1 /L<D^*VT*y/9UU&)\,2*m&mWL*;ftl8.hfc Q i£«#H$CT-i© 

I£(C|h| U < «*#H«T JiKS-^*** 6±»«*S:« U tfi U $g*i#B^T'± 
0) . 

[0 0 6 9] 

»Bfc*3*l, ^17^? 6 5T'St)tlfehd5fc*^tC#4)-^6 6#J$ofe (H 
11). 

[0 0 7 0] 

#C(C, fWJl i:|SID<±KS«*M{CJ:iaSStt^!K-7-S:«»-r.5^$:fi 1 o 

1 0 OmgtLfe. ±IBa6«fcA*lfcS/-V-US:3hy h^U- h±{C«*,±gB 
*«_htcx7K-r h £«^T_tIB* n n SSMIT IT, SlSffi^ 
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*mt}toT^fr&&K<D&KnMttb&&m&%*:J&f&lsfc. (012) . 
[0 0 7 1] 

(mmm 8 > 

mmm i x*** - > m& $ n r^wrn^ e> & s «st« 7 o <d mmzm & * * a 

4#^K7 i ^1^#:vi:?nntf;;bA<z>#«.fct4*f l 

(cat© /i # - >-ft $ ftfe*tt^-3^ tzzMmmM&amfczmw. l t„ ¥i«mtfc 

i: IZ Jz oTSMtfl 7 T?*tfHPllSltf Bfc* $ *lfc®ffi{CB«5MSi - 

S*^JK*^mstife. -tTUzmiii : f-<Drt#-yifijeiiLts _ 

[0 0 7 2] 
[0 0 7 3] 
[0 0 7 4] 
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e>^§«it^7 5#*«6 2(CH)g2ft7c (HI 3) . 
[0 0 7 5] 

mmm s # j* u & 3 ji* jt © & a * 3 ft t a« 8 o tc 

£Sv;*?&;frbT*^i8g;&fR?*fb£., ±SB*SS:iaSffcKaiJC«i(|L 

wsftfca^fetrs & ft l J , *«±c«tt^*» e> ft 

z>nm®v>rt9-ys i#»«sft'fc (ru) . 

[0 0 7 6] 

(Xttfl i o ) 

->^--f;i/(C^J;-e lM*%©Jiffi{Cft5 J:-5{C»*»bfe. iODMl 0 OmL 
>**m#&fc*#d*R#»«;*ftfe. Sflffc»^fe±e*W*»&*SJC^n 

[0 0 7 7] 
[0 0 7 8] 
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[0 0 7 9] 

(Cfl^Mbfeo itf>£§*, fJrlBI»«j[^#»Lfca$^9 114, tttt-f-tf"^**:*! 
[0 0 8 0] 

fcfc, 01 5T?«1 ©:c*;i/¥-»&llB#-*saiHa 9 l comt LTJ4, @g?rj^ 

? ffl*? Stf 5 n mfr 1 0 n miSC^ICIJ, X*;i/^-flg*fgP©*it4, 5 0 
nm£U;2 0 0 nmEIT. «fcUM*b<t41 0 0 n mjy_L 1 5 0 nm«Ti:tS 

[0 0 8 1] 
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[0 0 8 2] 

a Z<D£g. S«-L{C, *r, II 8(a)CStMttl2 0 3i:tT 1 mm 3 

0 0 nmfflF e -T a -cm**;*? ^ffifMUfe. r ©IKCDaafDl&ifeffrKBs 
itmi. 6T, «l*HcB0. 50e, 0 0 Of DtIC, I 
©*HM£BI±IC, ±IB#S;T% iffg5nm©Fe Q g2 Pt 0>4g (jffifSttM^it^ 

6 fc*«*tSSI*Jl&#rtLfc. 3e,tC, «^Ji2 0 6 i:LT, 
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